Abstract. The ectocervical epithelium is the target of the oncogenic human papillomavirus (HPV), which acts as an etiological agent in the development of cervical carcinoma. However, the HPV-mediated transformation of human epithelial cells is a multi-step process dependant on unknown factors additional to the virus, which is a necessary but, in and of itself, insufficient catalyst. In the present study, we characterized the role of insulin-like growth factor-I (IGF-I) in this process. IGF-I is an endocrine hormone with an autocrine and paracrine role in many tissues. Our data demonstrated that autocrine secretion of IGF-I can contribute to HPV-induced carcinogenesis of the epithelium. An immunohistochemical study showed that IGF-I was present in the nuclei of the reproductive layer of the paraepidermal epithelium in 89% of cases of intraepithelial neoplasia (CIN I-III) and 60% of cases of invasive cervical cancer. The presence of IGF-I at a nuclear localization in the cells studied suggests that it may also have intranuclear actions.
Introduction
Human papillomaviruses (HPVs) have been established as the sexually transmitted agents responsible for most invasive cervical cancers. HPV16 is the most common type among cervical cancers, and also among cytologically-normal women. However, only 1-5% of HPV-positive women develop cervical cancer. HPV-mediated transformation of human epithelial cells has been recognized as a multi-step process in which the virus is a necessary but, in and of itself, insufficient catalyst. The transformation must depend on additional unknown factors and (epi)genetic events.
HPVs infect the epithelial cells and depend on epithelial differentiation for the completion of their life cycle (1) . Insulin-like growth factor-I (IGF-I) is a peptide hormone with mitogenic and antiapoptotic properties involved in the regulation of proliferation and differentiation of many cell types, including normal and transformed epithelial cells. The human IGF-I gene is located within a region of over 85 kb on chromosome 12-12p22, and consists of at least 6 exons. Most of the IGF-I transcripts are initiated in exon 1, and a large mRNA precursor is alternatively spliced into two different classes of mRNA: IGF-IA and IGF-IB. IGF-IA is encoded by mRNAs derived by splicing exons 4 and 6, and IGF-IB is encoded by mRNAs, including exons 4, 5 and 6 (2) (3) (4) (5) . The action of IGF-I is mediated mainly through a specific cell membrane receptor, IGF-IR, and controlled by IGFBPs (mainly IGFBP-3) (6) . The bulk of IGF-I and IGFBPs found in the blood are synthesized in the liver. However, tissue IGF-I bioactivity is not only a function of the circulating level of this peptide and its binding proteins, but also of local production of IGF-I and IGFBPs (3, 5) . Recent prospective studies have provided evidence that elevated IGF-I levels are related to the risk of certain cancers, such as prostate, lung, breast and colon cancer (7) (8) (9) (10) (11) (12) (13) , but little is known about the association of IGF-I with cervical cancer and its role in the regulation of cervical cancer development and progression (14, 15) .
The aim of this study was the analysis of IGF-I and IGFBP-3 in the serum levels of women with normal cervix epithelium, cervical cancer, HPV-positive and HPV-negative dysplasia, as well as an association with tissue IGF-I expression determined by real-time PCR and immunohistochemical study.
Materials and methods
The study material included human tissue samples and blood serum. The study groups of patients are described in Tables I  and II . In respect to the differentiation of the neoplastic cells, the following groups of patients were identified according to the WHO classification system: G1 (n=11), G2 (n=16) and G3 (n=15) ( , 5'-CGTCCMARRGGAWAC  TGATC-3' and MY11, 5'-GCMCAGGGWCATAAYAAT  GG-3'; for HPV16-E7/16A, 5'-ATAATATAAGGGGTCGG  TGG-3' and E7/16B 5'-CATTTTCGTTCTCGTCATCTG-3';  for HPV18-ME18A, 5'-CACGGCGACCCTACAAGCTAC  CTG-3' and ME18B, 5'-TGCAGCACGAATTGGCACTGG  CCTC IGF-I and IGFBP-3 levels. Serum was separated from each blood sample by centrifugation at 3000 x g for 10 min, and used for IGF-I and IGFBP-3 level analysis. A commerciallyavailable radioimmunoassay kit (Diagnostic System Laboratories Inc.) was used to determine the serum levels of IGF-I and IGFBP-3. Analysis was performed according to the manufacturer's instructions. Standards, controls and samples were tested in duplicate. The IGF-I and IGFBP-3 serum concentrations were determined from the standard curve. Table I . Study groups and frequency of DNA HPV occurrence. Table II . The WHO and FIGO classification of patients with tumours of the uterine cervix. Table III . Primers used for real-time PCR study of the IGF-I gene.
Immunohistochemical detection of IGF-I and IGF-IR.
The reaction was conducted in paraffin blocks that were obtained from 13 infiltrating cancers and 27 precancerous lesions (L-SIL and H-SIL). Biopsies from human liver served as a positive control. The specificity of the immunoreaction was also verified for each tissue in a negative control experiment. For the immunohistochemical reaction we used corresponding sera from Sigma: IGF-I product no. I8773 in 1:10 dilution and IGF-IR product no. I7151 in 1:10 dilution. The study was conducted according to the LSAB+ System HRP method. A positive reaction in <10% of the cells was assumed to be negative.
Real-time PCR.
Cervical carcinoma, dysplastic (L-SIL and H-SIL) and control tissues, collected during planned gynecological operations, were immediately placed in RNAlater™ RNA Stabilization Reagent (Qiagen). Total RNA was isolated from cervical cancer tissue, dysplastic cells and healthy cells using the RNeasy Mini Kit (Qiagen) according to the manufacturer's specifications. RNA samples were treated with DNase I (Promega), and 1 μg RNA (of each sample) was reverse-transcribed with SuperScript™ II RNaseH -Reverse Transcriptase (Invitrogen) into cDNA using oligo-dT primers. Real-time PCR was performed in a Light Cycler Real-Time Detection System (Roche Diagnostics) using SYBR ® -Green I as the detection dye. Target cDNA was quantified using the relative quantification method. The quantity of the IGF-I transcripts in each sample was standardized by either glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or RNA polymerase II (pol II) transcript level. Real-time PCR reactions were performed in a total volume of 20 μl. cDNA (2 μl) was added to an 18-μl mixture of LC-FastStart DNA Master SYBR-Green I, 1.5 mM MgCl 2 and the primers, whose sequences are listed in Table III . The primers used in real-time PCR were specific for all variants of IGF-I mRNA. Statistical analysis. The results obtained were analyzed statistically. Values of the analyzed parameters, due to the quotient scale of measurement, were characterized by average value, standard deviation and median, with the lower and higher quartile providing the changeability range. Due to the diagonal distribution of the studied parameters evaluated using the Shapiro-Wilk W test for the analyses of existence of differences, non-parametric tests were used. To discover differences between the compared groups, the KruskalWallis H test was used to compare more than two groups and the Mann-Whitney U test to compare two independent groups. The 5% error in concluding was assumed, and p<0.05 indicated statistically significant differences.
Results
In DNA probes isolated from the cervical cells, HPV was detected in 35 of 36 patients with squamous cell carcinoma (97.2%), 21 of 26 with H-SIL, all those with adenocarcinoma and 12 of 80 (15%) of the control group women (Tables I and  II) . In the blood serum of the HPV-positive and HPV-negative women, the levels of IGF-I and IGFBP-3 were determined. Tables IV and V summarize the average levels of IGF-I and IGFBP-3 in the blood serum of the female study group. A statistically significant lower circulating level of IGF-I (p<0.0001) and IGFBP-3 (p<0.05) was observed in the cancer (CA) cases than in the controls. The patients had a significantly lower molar ratio of IGF-I:IGFBP-3 than the control subjects, of 0.1087 and 0.1463, respectively. We did not find any significant differences in IGF-I and IGFBP-3 levels among control HPV-positive and HPV-negative women.
The level of IGF-I in the study tissues was determined by real-time PCR. The results are presented in Fig. 1 and in Table VI . The mRNA expression level of IGF-I increased Table IV . IGF-I in the blood serum of the female study group.
No. of cases IGF-I (ng/ml) --------------------------------------------------- Table V. IGFBP-3 in the blood serum of the female study group.
No. of cases IGFBP-3 (ng/ml) during cervical cancer progression, but was lower in the CA than in the H-SIL group. This indicates a potentially high proliferation resulting in clonal outgrowth of HPV16-infected cells. The highest IGF/GAPDH value was found in the H-SIL group and the lowest in the CA group. On the basis of the Kruskal-Wallis H test, no statistically significant differences Median  25th percentile  75th percentile Range  ---------------------------------------------------------------------------------------------------- were found in IGF-I/GAPDH between the groups compared (H=5.26; p=0.15). Similarly, the highest IGF/pol II value was found in the H-SIL group and the lowest in the CA group but, on the basis of the Kruskal-Wallis H test, no statistically significant differences were found in IGF/pol II between the groups compared (H=5.48; p=0.14).
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Identification of the IGF-I protein in the cervical tissues was made by immunohistochemical analysis. The results are presented in Fig. 2 . In paraepidermal epithelium from normal cervices, a positive reaction with anti-IGF-I antibody was observed in the nuclei of the basal and parabasal layer. Intermediate and superficial cells exhibited no presence of IGF-I protein ( Fig. 2A) . Of the 27 cases of dysplastic change of the cervix examined, there was an immunopositive reaction to IGF-I in 24 (88.9%), while in three cases the reaction was negative (11.1%) (Fig. 2B) . In the H-SIL cases, the anti-IGF-I antibody showed a positive staining reaction in all layers of epithelia, including superficial cells. However, in some cases the superficial layer was negative for staining, and in L-SIL there were more stained nuclei compared to the control. In the epithelium with koilocytosis, some of the koilocytes exhibited nuclei staining with the anti-IGF-I antibody, while others remained negative. Of the ten examined planoepithelial cancers, there was expression of IGF-I in three (30%), which was present in all structures of the cancer and was located in cancer cell nuclei (Fig. 2C) . Two of the cancers exhibited intermediate differentiation (G2) and one was highly-differentiated (G1), with a staging of IB. The expression of IGF-I was not detected in four cancers (40%), two of them welldifferentiated (G1) and two with intermediate differentiation (G2), with a staging of IB. In the remaining three cancers, in which the staging was slightly higher than IA, there was a strong staining reaction in deeper infiltrating cancer cells.
In the control paraepidermal epithelium of cervices, a positive staining reaction with the anti-IGF-IR antibody was observed in only cell membranes of the basal cell layer, and rarely in the parabasal. In invasive cancers, the most intensive staining was observed in the cell membranes of the cases in which there was pronounced expression of IGF-I. In the remaining cancers, the reaction was focal with weak expression or no reaction present.
Discussion
Pap smear and HPV identification are of limited value as screening tests for cervical cancer because not all women with an abnormal Pap smear or positive HPV test progress to cervical cancer (1, 16) . A marker that aids in the identification of women who are at risk of developing cervical cancer would therefore be useful for prevention. Growth factors, such as IGF-I, are thought to be agents that stimulate proliferation and enhance the possibility of malignant transformation in HPV-positive cells. IGF-I is involved in both human development and the maintenance of the normal functions and homeostasis of most cells of the body, as well as performing the classic role of endocrine hormone. IGF-I regulates a wide range of biological functions, such as cell proliferation, differentiation and apoptosis through paracrine and autocrine mechanisms. Over 75% of IGF-I in circulation is produced in the liver. IGF-I interacts with its cell membrane receptor IGF-IR to influence various cellular activities, such as cell transit from the G1 to S phase, by stimulating the mitogenactivated protein kinase signal transduction pathway, which increases the production of cyclin D1. IGF-I also contributes to the suppression of apoptosis and increased cell growth by enhancing the production of BCL proteins and inhibiting the production of BAX proteins (5, 17, 18) . IGFBPs play a role in controlling the interaction between IGF-I and IGF-IR by binding to IGF-I, thereby blocking their binding to IGF-IR. An association between IGF-I levels and invasive cancer risk has been demonstrated in numerous studies for a variety of epithelial cells (prostate, lung, breast and colorectal) (12) . Little is known about the role of IGF-I in cervical cancer development. Ayabe et al (19) found no significant association between the serum levels of IGF-I and the risk of cancer. Wu et al (14) demonstrated a relationship between the serum level of IGF-I and precancerous SILs. Individuals with either high-or lowgrade SILs exhibited significantly higher serum levels of IGF-I, IGFBP-3 and IGF-I:IGFBP-3 molar ratio than control subjects. However, women with high-grade lesions did not exhibit higher IGF-I levels than women with low-grade ones (14) .
Our study indicated a statistically significant lower circulating level of IGF-I (p<0.001) and IGFBP-3 (p<0.05) in CA cases than in controls. We did not find any significant differences in IGF-I and IGFBP-3 levels between HPV-positive and HPV-negative control women.
The association between lower serum levels of IGF-I and IGFBP-3, IGF-I:IGFBP-3 molar ratio and cervical cancer was observed by Serrano et al (15) , who suggested that circulating levels of IGF-I and IGFBP-3 can be affected by the malignant disease itself, and that lower levels of IGF-I in cancer might be more a consequence of the malignant disease than of an associated risk factor. In addition to the liver, many other organs produce IGF-I, which has a lower affinity for IGFBPs, representing an autocrine and paracrine form of IGF-I. By reverse transcription followed by real-time PCR, IGF-I mRNA was detected in normal cervical cells, CIN and cervical cancer. The IGF-I mRNA level was higher in L-SIL and H-SIL and in cervical carcinoma than in the control cells. Our immunohistochemical study showed that IGF-I and IGF-IR proteins were also present in the normal cervical epithelial tissue and were more abundant in L-SIL/H-SIL and CA planoepithelial cells than in control cells. Many previous studies on IGF-I have focused their attention on the cell surface. In this study, an immunopositive reaction for IGF-IR was present in cell membranes of epithelial neoplasia (L-SIL/H-SIL) and in the cervical cancer cells that stained positively for IGF-I. However, IGF-I was also observed in the nuclei of the reproductive layer of paraepidermal epithelium, in intraepithelial neoplasia (L-SIL/ H-SIL) and in cervical cancer cells. The presence of IGF-I at a nuclear localization suggests that IGF-I may also have intranuclear activity, for example in gene regulation. The IGF-I gene is alternatively spliced, generating a number of protein isoforms which differ in the length of the amino-terminal leader (signal peptide) and in the structure of the so-called extension peptide (E-Peptid) on the C terminal end (20) .
Functional differences between IGF-I mRNAs and regulatory mechanisms for the alternative splicing of IGF-I mRNA are as yet unknown. Ohtsuki et al (21) indicated that the expression of IGF-I mRNA variants is regulated in an organ-specific and age-dependent manner, and that estrogen is involved in changes in IGF-I mRNA variant expression. Therefore, high IGF-I expression may be due to high local estrogen levels (22) . In the regulation of the splicing of IGF-I, exon 5 alternatively collaborates with purine-rich enhancer and CUG-binding protein SF2/ASF and hNRNP H, which are part of spliceosomes (23). Tan et al (24) found one isoform of human IGF-I (IGF-IB) that localized to the nucleus and mapped C-terminal domains of the exon 5 requirement for such localization. This isoform is probably present in the nucleus of cervical cells. However, further studies are needed to confirm this suggestion. At present, there is a lack of experimental data on the functional significance of IGF-I isoforms. Localization of IGF-I in the nucleus shows that IGF-I in basal keratinocytes could have a more complex mechanism of action than that previously envisaged in the control of epidermal growth and differentiation. The different IGF-I peptides might modulate the actions, stability or bioavailability of IGF-I, or might have independent activity. The general increase in IGF-I mRNA during carcinogenesis and immunohistochemistry indicates that it may be functionally important during this process. The ectocervical epithelium is also the target of oncogenic HPV forms, which are key etiological agents in the development of cervical carcinoma. The role of HPV in the expression and splicing of IGF-I pre-mRNA is unknown. The data of McPhillips et al (25) suggest that E2 viral HPV16 protein, which is essential for the life cycle of the virus, is also responsible for controlling the expression of the protein SF2/ASF. The level and phosphorylation of SF2/ASF are upregulated with epithelial differentiation, as in subcellular distribution, in HPV16-infected epithelial cells. Through an increase in the level of E2, the levels of some IGF-I isoforms (in L-SIL/H-SIL) are also increased. It is also possible that other viral proteins are involved in regulating the expression and activity of SF2/ASF in IGF-I mRNA splicing (26) .
The loss of the E2 gene can have a negative effect on cell growth and usually accompanies the development of invasive cervical cancer. In human cervical cancer cells, the E2 gene is usually disrupted, and HPV DNA integrated with host DNA expresses the HPV E6 and E7 oncogenes, which exert their proliferative effect by binding to and inactivating the tumor suppressor proteins p53 and Rb (27) (28) (29) . The data of Baege et al (30) also indicates that E6/E7 immortalized cervical cells secrete IGFBP-3 and increase mitogenic sensitivity to IGF-I. IGFBP-3 can be inhibited by E7, which binds to IGFBP-3 and triggers its proteolytic cleavage. This is associated with an increase in IGF-I levels (31). Berger et al (32) indicated that, at early passages, cervical cells transduced with HPV16/18 E6/E7 genes demonstrated increased expression of the cell cycleregulated gene CDC2 ubiquitin carrier E2C. At later passages, these same cells exhibited increased IGFBP-3 mRNA, both secreted and intracellular protein, with mRNA levels increasing 85-fold. This suggests that E6/E7 expression alone is not sufficient to induce IGFBP-3, and that additional changes associated with immortalization are likely required. Our results show that the autocrine effects of IGF-I on cervical cell proliferation, and their interplay with other cellular and viral factors, may have an important role in cervical cancer development. Further studies are needed to examine the exact contribution of IGF-I to this process.
